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NOTE: Delete, revise, or add to the text in this
section to cover project requirenents. Notes are
for designer information and will not appear in the
final project specification.

This section covers electrical system and equi prent
groundi ng i ncludi ng ground rods, grounding
conductors, connectors, and other accessories.
Section excludes instrunentation and static
groundi ng systens.

Drawi ngs shoul d show pl an | ayout of each groundi ng
el ectrode, ground mat, ground grid, substation
ground bus, interconnecting groundi ng conductor, and
tap connections to steel building colums and

out door el ectrical equipnment. Detail draw ngs of
ground nmats and ground grids should show
configuration, ground rod spacings, interconnecting
cable and tap connections to substation yard fence,
substation ground bus, and interior equipnent.

When groundi ng systens as shown fail to achieve the
desired neasured resistance to ground, additional
ground rods may be required.

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

PART 1 GENERAL

1.1 REFERENCES

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

NOTE: The foll owi ng references should not be
manual |y edited except to add new references.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication.

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

The publications listed below forma part of this section to the extent
ref erenced:

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AWS A5. 8 (1992; R 2003) Specification for Filler
Metal s for Brazing and Braze Wl di ng
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ASTM | NTERNATI ONAL ( ASTM

ASTM B 3 (2001) Standard Specification for Soft or
Anneal ed Copper Wre

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE Std 81 (1983) Cuide for Measuring Earth
Resistivity, Gound | npedance, and Earth
Surface Potentials of a Gound System

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2002) National Electrical Code
U.S. DEPARTMENT OF DEFENSE ( DOD)

M L- STD 889 (Rev B, Notice 2) Dissimlar Metals
UNDERWRI TERS LABORATORI ES (UL)

UL 467 (2001) UL Standard for Safety G ounding
and Bondi ng Equi pnent

1.2 GENERAL REQUI REMENTS

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: |If Section 16003 GENERAL ELECTRI CAL

PROVI SIONS is not included in the project

speci fication, applicable requirenents therefrom
shoul d be inserted and the first paragraph del eted.
I f Section 05095 WELDI NG STEEL CONSTRUCTI ON i s not
included in the project specification, applicable
requi renents therefromshould be inserted and the
second paragraph del et ed.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

[ Section 16003 GENERAL ELECTRI CAL PROVI SI ONS applies to work specified in
this section.]

[ Section 05095 WELDI NG STEEL CONSTRUCTI ON applies to work specified in this
section.]

1.3 SUBM TTALS

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: Review subnmittal description (SD) definitions
in Section 01330 SUBM TTAL PROCEDURES and edit the
following list to reflect only the submittals
required for the project. Submittals should be kept
to the mininumrequired for adequate quality
control. Include a columar |ist of appropriate
products and tests beneath each subnmittal

description.
EE SRR I Sk S I I S I S I O R R R Rk I S Sk S I I R R Ik S S I S R Sk I S O

The foll owing shall be submtted in accordance with Section 01330 SUBM TTAL
PROCEDURES in sufficient detail to show full conpliance with the
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1.

speci fication:

SD- 01 Preconstruction Submttals

Mat eri al, equipnment, and fixture lists shall be subnitted for
Groundi ng Systens including nmanufacturer's style or catal og
nunbers, specification and drawi ng reference nunbers, warranty
information, and fabrication site informtion.

SD- 02 Shop Drawi ngs

As-Built Drawi ngs shall be submitted in accordance w th paragraph
entitled, "Drawi ngs," of this section.

SD- 03 Product Data

Equi pnent and performance data shall be subnmitted for the
following itenms including life, test, system functional flows,
safety features, and nmechani cal automated details.

Manuf acturer's catal og data shall also be submtted for the
followi ng itens:

G ound Rods

G ound Wres

Connectors and Fasteners
Bondi ng

SD- 06 Test Reports

Test Reports shall be subnitted for the followi ng tests on
groundi ng systens in accordance with the paragraph entitled,
"Field Tests," of this section. Report shall include certified
record of ground-resistance tests on each driven ground rod,
ground rod assenbly, and other grounding el ectrodes. Record shal

i nclude the nunmber of rods driven and their depth at each | ocation
to neet the required resistance-to-ground neasurenents specified.
A statement shall be included describing the condition of the soi
at the tine of measurenent.

Bond Resi stance Test
Ground Resi stance Tests
Ground |sol ation Test
Continuity I|solation Test

SD- 08 Manufacturer's Instructions

Manufacturer's instructions shall be subnmitted for the G ounding
Systens including special provisions required to install equipnent
components and system packages. Special notices shall detail

i npedances, hazards and safety precautions.

4 DRAW NGS

As-Bui | t
bui | di ng
col unms,

Locati on

Drawi ngs shall indicate the location of ground rods, mats, grids,
ground bus, suppl enmentary groundi ng el ectrodes, steel building
and other netal structures connected to the groundi ng system

of each ground rod and ground-rod assenbly and ot her grounding
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el ectrodes shall be identified by letter in al phabetical order and keyed to
the record of ground-resistance tests.

PART 2 PRODUCTS

2.

1 GROUND RODS

[Gound rods shall conformto the requirenents of [NFPA 70] [UL 467]

[Gound rods shall be copper-clad steel rods not |less than 3/4 inch 20
mllineter in diameter and not less than [10] [__ ]-feet [3000] [__ ]
mllimeter |long per section. Gound rods shall be clean and snmpooth and
have a cone-shaped point on the first section and shall be die-stanmped near
the top with the nane or trademark of the nmanufacturer and the | ength of
the rod in feet mllineter.]

.2 GROUND W RES

Ground wires shall be in accordance with Section 16145 STANDARD W Rl NG
SYSTEMS.

Ground and bond wires for substations, main panels and distribution points,
and ground rod connections shall be anneal ed bare copper conformng to ASTM
B 3, stranded, with 98 percent conductivity. Wre size shall be in
accordance with the groundi ng requirements of NFPA 70.

Ground wires for equipnment receptacles for noncurrent carrying hardware,
installed in conduit shall be soft drawn copper, in accordance with ASTM B 3,
stranded, with green insulation. Wre size shall be as noted.

.3 CONNECTORS AND FASTENERS

Groundi ng and bondi ng fasteners and connectors shall conformto the
requi renents of UL 467, and Section 16145 STANDARD W RI NG SYSTEMS.

G oundi ng and bondi ng fasteners shall be [copper] [bronze].

Bondi ng straps and junpers shall be copper and shall have a cross-sectiona
area of not less than No. 6 AWG 4.12 mllineter diameter (No. 6 AWG.
Bondi ng straps and junpers for shock-nounted devices with [pivot] [hinged]
[swivel] joints shall be made of [flat] [tinned-copper] [woven-wi re braid]
[flexible stranded] wire.

PART 3 EXECUTI ON

3.

3.

1 BONDI NG AND GROUNDI NG
Bondi ng and groundi ng requirenents shall be in accordance w th NFPA 70.

2 GROUNDI NG ELECTRCDES

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: In locations where existing underground
utilities, equipnment or structures may be danaged
ground rod installation should be acconplished using
the water jetting method.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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G oundi ng el ectrodes shall include ground rods installed expressly for
groundi ng systems. [Gound rods shall be installed using a water jetting
procedure.]

M ni mum ground rod section shall be [10] [__ ] feet [3000] [__ ]
mllineter. Sections shall be threaded together and exothernically fusion
wel ded.

[Gound rods shall be installed so that the top of the rod is [4] [__ ]
inches [100] [__ ] mllimeter above grade.]

[Gound rods shall be installed so that the top of the rod is not |ess than
(18] [ ] inches [450] [__ ] mllinmeter below finished grade.]

.3 GROUND GRIDS
Ground grids shall consist of a series of ground rods installed with

i nt erconnecting groundi ng conductors between ground rods. G ound rods
shal | be spaced as noted.

Gound grid shall be buried not less than [18] [__ ] inches [450] [__ ]
mllineter below the finish grade. G ounding conductors shall be not |ess
than No. [4/0] [___ ] AW [11.7] [___ ] mllinmeter dianeter (No. [4/0]
[ ] AWH and shall be exothermically fusion wel ded together at

crossover points and to ground rods.
.4 BU LD NG GROUNDS

Steel franmework of the building shall be grounded with a driven ground rod
at the base of every corner colum and internedi ate exterior columms at

di stances not greater than [60] [__ ] -feet [18,000] [__ ] mllinmeter
apart. Goundi ng conductor shall be electrically connected to each ground
rod and to each steel colum and shall extend around the perinmeter of the
bui l ding. G oundi ng-conductor |oop around the perineter of the building
shall be not less than No. [4/0] [__ ] AWG [11.7] | ] millinmeter
dianeter (No. [4/0] [__ ] AWG. Tap connections fromthe ground loop to
the building steel shall be not less than No. [4/0] [ ] AWG [11. 7]
[ ] millimeter dianeter (No. [4/0] [

Bui | di ng ground shall be buried not |ess than 18 inches 450 mllineter

bel ow grade and [2] [__ ] feet[600] [__ ] millimeter fromthe building
foundation. Interconnecting groundi ng conductor between ground grid and
buil di ng grounds shall be not less than No. [4/0] [__ ] AWG [11. 7]
[ ] millimeter dianeter (No. [4/0] [___ ] AWG) .

.5 EQUI PMENT GROUNDI NG

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

NOTE: This paragraph specifies a "Case" ground. A
Case ground is where grounding is critical such as
fueling areas, pads, etc. A nodification such as an
of fice building or an administrative area would not
require the additional ground.

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

[In addition to the green col ored equi pnent groundi ng conductor required in
each raceway and sized in accordance with Tabl e 250.122 of the NEC, each
panel board/ sw tchboard encl osure, transforner housing, notor housing,

di sconnect, starter, and other electrical equipnment, addressed under this
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contract, shall be bonded to the grounding systemwi th a stranded copper
conductor, routed external to the feeder raceway. ]

Metal lic raceway systens shall have electrical continuity with equi pnment
individually and directly connected to the building ground, independent of
the raceway system

Encl osures for panel boards shall be individually and directly connected to
the building ground. G ounding conductor shall be not |ess than No. [2]
[ ] AWG [6.54] [__ ] mllinmeter dianmeter (No. [2] [__
shal | be connected fromthe building ground to a copper ground-bus ternina
strip located in each panel board.

Pol ari zed receptacles, lighting fixtures, and equi pment encl osures shall be
grounded with an identified (green color) insulated conductor, not smaller
than No. [12] [__ ] AWG [2.03] [___ ] mllineter dianmeter (No. [12]
[ ] AW, connected to the branch circuit ground-bus termnal strip.

Ground-bus terminal strip in each panel board encl osure shall be isolated
and i ndependent of the systemneutral termnal strip.

| ndoor substations, transformers, sw tchboard frames, switchgear
assenblies, notors, nmotor control centers, air conpressors, air handlers,
refrigerated air dryers, generators, frames and tracks of cranes, and
[ ] shall be individually and directly connected and grounded to the
buil di ng ground. Current-carrying capacity of the groundi ng conductor shal
be the sane as the current-carrying capacity of the power conductors for

circuits utilizing power lines size No. [2] [__ ] AWG [6.54] [__ ]
mllineter dianmeter (No. [2] [__ ] AWG and smaller. For circuits with
power wiring larger than No. [2] [__ ] AWG [6.54] [__ ] millinmeter

diameter (No. [2] [__ ] AWG, the grounding conductor shall be in
accordance with NFPA 70, except that the groundi ng conductor shall be not
smal ler than No. [2] | ] AWG [6.54] | ] mllimeter dianeter (No.
(2] [ 1 ANG) .

Noncurrent carrying netallic parts of electrical equiprment, including
netallic cable sheaths, conduit, raceways, and el ectrical structura
nmenbers, shall be bonded together and connected to the ground grid or
ground connection rods.

Secure ground systens shall be installed for power and instrunentation.
Each system shall be independently connected to the buil ding counterpoise
as shown.

Secure ground systens shall consist of unspliced ground wires in individua
wel ded or epoxied conduit runs fromthe secure area to the building

count erpoi se. Welding and epoxying shall conformto Section 16145 STANDARD
W RI NG SYSTEMS.

.6 GROUNDI NG CONNECTI ONS

Ground connections shall be bonded connections in accordance with paragraph
entitled, "Bonding."

Ground connections that are buried or in inaccessible |locations shall be
[wel ded] [silver-sol dered].

Connections in accessible |ocations shall be bolted. Connections to stee

bui l ding colums in accessible |ocations shall be cast-copper-alloy clanp
lugs [bolted] [exothermically fusion-welded] to the structure.
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Ground connection surfaces shall be cleaned and greased and foreign matter
renoved. Clad material shall not be penetrated in the cl eaning process.
Connection shall be nade between |ike netals where possible. Were
dissimlar netals are wel ded, brazed, or clanped, the weld kit

manuf acturer's instructions shall be followed. Connections between
dissimlar netals shall not produce galvanic action in accordance with

M L- STD 889.

.7 BONDI NG
.7.1 Type of Bonds

Bondi ng of metal surfaces shall be acconplished by [brazing] [welding]
[cl ampi ng] [structural joining nethods].

.7.1.1 Br azi ng
Brazing sol der shall conformto AWS A5.8 [__ ].
.7.1.2 Vel di ng

Wel di ng shall be by the exotherm ¢ process. Welding procedure shal
i nclude the proper nold and powder charge and shall conformto the
manuf acturer's recomrendati ons.

Wl di ng processes shall be of the exothermic fusion type that will make a
connection without corroding or |oosening. Process shall join all strands
and shall not cause the parts to be damaged or weakened. Conpleted
connection or joint shall be equal or larger in size than the conductors
joined and shall have the sane current-carrying capacity as the |argest
conductor. Buried ground connections shall be painted with a bitumastic
pai nt .

.7.1.3 d anmpi ng

In external |ocations, clanping shall be used only where a di sconnect type
of connection is required. Connection device may utilize [spring-|oaded
jaws] [threaded fasteners]. Device shall be constructed such that positive
contact pressure shall be maintained at all times. Machine bolts with
[tooth-type] [spring-type] |ockwashers shall be used.

.7.1.4 Structural Joining Methods

Joints made with high-strength structural bolts, and cl ean unpainted faying
surfaces shall be considered sufficiently bonded. A junper shall be
installed across the joint in the formof a No. [4] | ] AWG [ 5. 19]

[ ] millinmeter dianeter (No. [4] [__ ] AW bare copper wire
[exotherm cally wel ded] [bond welded with a 1/4 inch 6 millineter or |arger
fillet weld, with a [2] [___ ] inch [50] [__ ] mllimeter mnimm]length

across the connection] at each end to the surfaces invol ved spanning the
connection wire junpers shall be used across joints enploying mscellaneous
machi ne bol ts.

.7.2 Cl eani ng of Bondi ng Surfaces
Surfaces that conprise the bond shall be thoroughly cl eaned before joining.

An appropriate abrasive shall be applied with a gentle and uniform pressure
to ensure a snooth and uni form surface. Excessive netal shall not be
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renoved fromthe surface. Cad netals shall be cleaned in such a manner
that the cladding material is not penetrated by the cleaning process. Bare
metal shall then be cleaned with an appropriate solvent to remove any
grease, oil, dirt, corrosion preventives, and other contam nants. Bond to
the cl eaned area shall be nade within one hour after cleaning. Joint shal
be seal ed and the exposed surfaces refinished within two hours of exposure
to prevent oxidation. Wen additional tine is required, a corrosion
preventive compound shall be applied until the area can be refinished.

. 7.3 Bondi ng Straps and Junpers

Junpers shall be installed such that the vibration by the shock-nounted
devi ce shall not change its electrical characteristics.

Bonds shall be [brazed] [wel ded] for outdoor |ocations unless a disconnect
type of connection is required. Wen a disconnect is required, clanping
with bolts shall be used. A tooth-type |ockwasher shall be inserted
between the strap and netallic nenber for each bolt.

Straps shall be bonded directly to the basic structure and shall not
penetrate any adjacent parts. Straps shall be installed in an area that is
accessi bl e for maintenance.

Single straps shall be used for the bonds and shall be installed such that
they will not restrict novenent of structural menbers. Two or nore straps
shal | not be connected in series.

Straps shall be installed such that they will not weaken structural nmenbers
to which they are attached.

. 7.4 Equi prent and Encl osur e Bondi ng

Each netallic enclosure and all electrical equipment shall be bonded to
ground. At |east one copper connection shall be nmade fromthe system
ground point to one or nore enclosures in the area such that all enclosures
and equi pnent provide a | owi nmpedance path to ground when properly bonded

t oget her.

.7.5 Bondi ng of Conduit and Raceway Systens

Bond all netal conduit, fittings, junction boxes, outlet boxes, arnored and
netal sheathed cabl e, and other raceways. Care shall be taken to ensure
adequate electrical contact at the joints and term nations.

.7.5.1 Rigid Metal Conduit and Term nations

Thr eaded connections rmust be wench-tight and there shall be no exposed
threads. All ends of the conduit shall be reanmed to renove burrs and rough
edges. Conduits entering boxes and encl osures shall be bonded to the box
wi th [ bondi ng-type | ocknuts, one outside and one inside.] [locknuts and
groundi ng-type bushings.] Locknuts that gouge into the netal box when

ti ghtened are not acceptable.

Conduit systens that are interrupted by PVC dielectric links shall be

bonded separately on either side of the link. Dielectric link shall not be
j unper ed.
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3.7.5.2 Fl exi bl e Metal Conduit
Fl exi bl e conduit shall have an integral groundi ng conductor.
3.7.6 Cabl e Tray Bondi ng

Cabl e tray sections shall be bonded together. Cable tray sections in
tandem assenbly shall be considered as having electrical continuity when
these sections are bonded with the appropriate bolts. Bond straps shall be
install ed across expansion joints. Cable trays shall be bonded to the
bui | di ng ground system

3.7.7 Protecti on of Fini shed Bonds

Fi ni shed bonds shall be protected by painting to match the original finish
after the bond is nade.

3.8 FI ELD TESTS

The followi ng tests shall be perforned by the Contractor in the presence of
the Contracting Oficer.

3.8.1 Bond Resi st ance Test

Resi stance of any bond connection shall not exceed [0.5] [__ ] mlliohm
Bonds that exceed this resistance shall be reworked by the Contractor at no
additional cost to the Governnent.

3.8.2 Ground Resi stance Tests

Groundi ng systens shall be tested for ground resistance. Total resistance
fromany point on the ground network to the buil di ng counterpoi se shall not
exceed [50] [__ ] mlliohmns.

Ground resi stance and counterpoise tests shall be made during dry weat her,
and no sooner than [48] [__ ] hours after rainfall. Tests shall be
conducted using the ratio nmethod that neasures the ratio of the resistance
to earth of an auxiliary test electrode to the series resistance of the

el ectrode under test and a second auxiliary el ectrode. Measurenents shal
be perforned in accordance with | EEE Std 81

I ndicating instrument shall be self-contained and shall include a

direct-current generator, synchronized current and potential reversers,

crossed-current and potential coils, direct-reading ohmreter, series

resistors, and range-selector switch. Direct-reading ohmeter shall be

calibrated for ranges of 0 to 20 ohns and 0 to 200 ohns.

Auxi liary grounding el ectrodes shall be placed in accordance with

i nstrument manufacturer's recomrendations but not less than [50] [__ ]

feet [15,000] [__ ] mllimeter apart, in accordance with | EEE Std 81
3.8.3 Ground Isolation Test

Ground systens shall be tested for isolation fromother ground systens.

3.8.4 Continuity Isolation Test
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Continuity test shall be perfornmed on all power receptacles to ensure that
the ground termnals are properly grounded to the facility ground system

-- End of Section --
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